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Kigane (1)  and Heidenhain (2)  showed that extracts of fresh pan- 
ereas or freshly secreted pancreatic juice have no proteolytic activ- 
ity.  The preparations become active when mixed with the entero- 
kinase of the small intestine, as found by Schepowalnikow (3) or when 
the pancreas is allowed to stand in slightly acid solution.  The mech- 
anism of this activation has been the subject of controversy for many 
years (4).  Pavlov, Bayliss, Zunz, Wohlgemuth, Vernon, Delezenne, 
and  others  found the  activation  reaction  to  be  catalytic  and  con- 
sidered enterokinase to be an enzyme.  Hamburger and Hekma, Das- 
tre  and  Stassano  and  Waldschmldt-Leitz found the  reaction  to be 
stoichiometric and considered that the enterokinase formed an addi- 
tion compound with the inactive zymogen.  Vernon (5)  found that 
activation could be caused by trypsin as well as by enterokinase but 
this was denied by Bayliss and Starling (6).  The contradictory na- 
ture of the numerous experimental results indicates that there is more 
than one proteolytic enoune in pancreatic extracts.  Vernon showed 
(7)  that the activity, as determined by the clotting of milk, could be 
partially separated from the proteolytic activity,  as  determined by 
protein hydrolysis, and concluded that there were at  least  two en- 
zymes.  He also showed that one of these was more stable than the 
other and that activation was caused by the less stable one. 
The crystalline trypsin previously reported by the writers  (8)  was 
obtained from pancreas which had  been  allowed to  activate  spon- 
taneously.  The present experiments were carried out with fresh inac- 
tive pancreatic extracts in order to obtain the inactive form of the 
enzyme and to study the kinetics of activation. 
* Kunitz, M., and Northrop, J. H., Science, 1933, 78,  558. 
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In the course of these attempts to isolate the inactive precursor of 
crystalline trypsin a crystalline inactive protein was isolated from in- 
active  (cattle) pancreatic extracts.  This protein was called chymo- 
trypsinogen.  It cannot be activated by enterokinase but is changed 
into an active proteolytic enzyme by crystalline trypsin.  The new 
proteolytic enzyme formed in this way was also crystallized and was 
called chymo-trypsin.  It differs from chymo-trypsinogen  in crystalline 
form, optical activity, and number of amino groups, and it is more 
soluble and less stable.  The molecular weight and molecular radius 
are about the same as the corresponding values for chymo-trypsinogen. 
The new enzyme  differs  from the  crystalline  trypsin previously 
described in that it clots milk but does not clot blood and has a weaker 
action  on  protamines.  It  resembles  crystalline  trypsin  in  that  it 
digests denatured proteins in slightly alkaline solution.  1 
The results agree, in general, with Vernon's experiments since they 
show that there are at least two proteolytic enzymes present in acti- 
vated  pancreatic  extract,  trypsin  and  chymo-trypsin.  Fresh,  in- 
active  pancreatic  extracts  contain  at  least  two  zymogens,  chymo- 
trypsinogen and trypsinogen.  Enterokinase transforms trypsinogen 
into  trypsin  and  this  in  turn  transforms  chymo-trypsinogen into 
chymo-trypsin. 
Qualitatively  this mechanism accounts for  the  peculiarly shaped 
curves  frequently  observed  for  the  activation  of  crude  pancreatic 
extract  by enterokinase (5).  The  activation of chymo-trypsinogen 
by  trypsin is  a  simple catalytic  monomolecular reaction but when 
this is superimposed upon the primary activation of trypsinogen by 
enterokinase the combined result yields a  complicated asymmetrical 
curve.  The transformation of chymo-trypsinogen into chymo-tryp- 
sin is accompanied by a  change in optical activity and a  slight in- 
crease in amino nitrogen.  There is no detectable non-protein nitro- 
gen fraction formed nor is there any significant change in molecular 
weight.  The reaction, therefore, is probably an internal rearrange- 
ment, possibly due to the splitting of a ring.  It is possible, however, 
that a  small part of the molecule containing no nitrogen is split off 
although there is no evidence for this at present. 
i Waldschrnidt-Leitz and Akabori (Z.  physiol.  Chem.,  1934, 228, 224) have 
recently shown that pancreatic "proteinase" probably represents a  mixture of 
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Both the active and inactive form of the enzyme may be recrystal- 
lized repeatedly without change of properties.  Denaturation or hy- 
drolysis  of  the  protein  results  in  a  corresponding loss  in  activity. 
There is reason, therefore, to believe that the preparations represent 
pure proteins and that the proteolytic activity is a  property of the 
protein molecule. 
v.XPV.P~ENTAL m~SULTS 
Isolation and Crystallization of Chymo-Trypsinogen 
The material used in these experiments was cattle pancreas removed 
from the animal immediately after slaughter and immersed in cold 
N/4 sulfuric acid.  Acid prevents spontaneous activation and removes 
practically all the potentially active material from the pancreas while 
most of the inert protein is precipitated.  The acid extract obtained 
in this way (when brought to pH 7.0-8.0) is rapidly activated by en- 
terokinase but cannot be activated by small amounts of trypsin.  A 
protein was crystallized from this extract which could be activated 
either by enterokinase or trypsin; it was called chymo-trypsinogen. 
After repeated crystallization, however, the protein could not be ac- 
tivated  by  enterokinase but  only by  trypsin.  The  explanation of 
these apparently contradictory results is that the crude extract and 
the once crystallized protein contain trypsinogen and also some sub- 
stance  which  inactivates  small  amounts  of  trypsin.  When  small 
amounts of trypsin are added to such preparations, therefore, no ac- 
tivation of chymo-trypsinogen occurs since the trypsin added is inac- 
tivated,  but when enterokinase is added sufficient active trypsin is 
formed from the trypsinogen to overcome the inhibiting action of the 
solution and  so  activate  the  chymo-trypsinogen.  The  same  result 
can be obtained by adding enough trypsin even in the presence of the 
inhibitor.  The effect of repeated crystallization is simply to remove 
the last traces of these impurities, and the experiment is a  good ex- 
ample of the efficiency of recrystallization as a method of purification. 
The mechanism outlined above was confirmed by mixing pure crys- 
talline chymo-trypsinogen with the mother liquor from the first crys- 
tallization and adding trypsin or enterokinase.  The results of such 
an experiment are shown in Table I.  As stated above, the recrystal- 
lized chymo-trypsinogen is activated only by trypsin while the mother 
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mixed with the mother liquor, cannot be activated by small amounts 
of trypsin but can be activated by enterokinase.  The inhibiting  ef- 
TABLE  I 
Effect of Addition of Mother Liquor from Ckymo-Trypsinogen Crystallization on the 
Activation of Chymo-Trypsinogen by Enterokinase and Trypsin 
Quantity of mate- 
rial activated in 
10  ml.  M/25  ,.. 
phosphate buffer 
pH 7.6 
Activating agent. 
Quantity in 10 ml.. 
[~ IT ]Hemoglobln 
~'~°JmL 
after 69 hrs. at 
5°C  ............  ]0.002 
Chymo-trypsinogen  0.4 mg. 
protein  nitrogen 
Trypsin  Entero- 
kinase 
(20) 
0.002 nag.  2 ml. 
protein 
nitrogen 
<0.0001 
Mother liquor  0.16 mg. 
l~rotein nitrogen 
Trypsin  Entero- 
:  kin- 
i  ase 
0.002 rag. 12ml. 
protein 
nitrogen[ 
<0.0001  10.0015 
Chymo-trypsinogen 
0.4 mg, protean nitrogen 
+ mother liquor 0.16 nag. 
protein nitrogen 
Trypsin  Entero- 
kin- 
ase 
O.002mg.  2 nil. 
protein 
nitrogen 
<0.0001  0.004 
TABLE  II 
Inhibiting Effect of Mother Liquor on Digestion of Hemoglobin by Ckymo-Trypsin 
and Trypsin 
Crystalline  trypsin  solution  containing 0.03 rag. 
protein nitrogen 
1 ml.  or  added to 4 ml. ~/20 
Crystalline chymo-trypsin containing 0.07 mg. pro- 
tein nitrogen 
phosphate buffer pH 7.6 containing increasing amounts trypsmogen-mother liquor; 
activity of solution determined by hemoglobin method. 
! 
Protein nitrogen in mother liquor, added, mg  ........ [  0  0.04  0.08 
.... I 
[T. U.]ml" X  10  crystalline trypsin ...............  ]  7.2  6.3  5.6 
Hb  [T. U.]ml  X  10-  chymo-trypsin  ..................  [  8.8  8.8  8.8 
fect of the mother liquor may be demonstrated directly by determin- 
ing the effect upon the digestion of hemoglobin.  The results of such 
an  experiment  are  shown  in  Table  II.  The  mother  liquor  inhibits M.  KUNITZ  AND  JOHN  H.  NORTHROP  437 
the digestion of hemoglobin by crystalline trypsin but not the diges- 
tion of hemoglobin by chymo-trypsin. 
Isolation of C  hymo-  Trypsinogen 
The method finally adopted for the preparation of chymo-trypsino- 
gen is as follows. 
The pancreas is removed from cattle immediately after slaughter 
and immersed in cold ~ normal sulfuric acid.  Fat and connective tis- 
sue are removed and the pancreas minced in a meat grinder, suspended 
in 2 volumes of ice cold N/4 sulfuric acid, and the suspension allowed 
to  stand in  the  cold room at  5°C.  overnight.  It  is  then strained 
through gauze on a  large Biichner funnel and the precipitate resus- 
pended in an equal volume of N/4 sulfuric acid and refiltered.  The 
combined filtrates and washings are brought to 0.4 saturated ammo- 
rdum sulfate by the addition of solid ammonium sulfate and the sus- 
pension filtered through soft fluted paper (S. and S. No. 1450 ½) in the 
cold room.  The filtrate is brought to 0.7 saturated ammonium sul- 
fate and the suspension allowed to settle in the cold room for 48 hours. 
The  supernatant fluid is decanted and the suspension filtered with 
suction.  The filter cake is dissolved in  3  volumes of water  ~ and 2 
volumes saturated ~mmonium sulfate added.  The suspension is fil- 
tered and the precipitate discarded.  The filtrate is brought to 0.7 
saturated ammonium sulfate by the addition of solid ammonium sul- 
fate or an equal volume of saturated ammonium sulfate.  The sus- 
pension is filtered with suction.  The filter cake is dissolved in  1.5 
volumes water and brought to ¼ saturated ammonium sulfate by the 
addition of saturated  ammonium sulfate solution.  The solution is 
adjusted to pH 5.0 (brick red color with methyl red on test plate) by 
the addition of 5  ~  sodium hydroxide.  About 1.5  ml. per  100 ml. 
of solution is required.  The solution is allowed to stand for 2 days at 
room temperature (about 20°C.).  A heavy crop of crystals gradually 
forms.  They are filtered with suction.  The isolation of the chymo- 
ta-3rpsinogen is practically complete in one cryst_alllzation. 
2The volume of the semi-dry filter cake is usually determined by weight.  The 
specific volume of the filter cake is assumed, for convenience, to he equal to one. 
The expression "the filter cake is dissolved in n  volumes of solvent" as used in 
the text, means that  1 gln. of filter cake is dissolved in n  nil. of solvent. 438  CHYMO-TRYPSIN  AND  CHYMO-TRYPSINOGEN.  I 
Recrystallization 
The crystalline filter cake is suspended in 3 volumes of water and 5 
N sulfuric acid added from a burette with stirring until the precipitate 
is dissolved.  The solution is brought to [  saturated ammonium sul- 
fate by the addition of 1 volume of saturated ammonium sulfate.  An 
equivalent amount of 5 N sodium hydroxide is then added with stirring 
and the solution inoculated and allowed to stand at 20°C.  Crystalli- 
zation should be practically complete in an hour. 
If the crystals are to be used for the preparation of active chymo- 
trypsin the crystallization should be repeated seven or eight times as 
otherwise difficulty is encountered in crystallizing the active enzyme. 
TABLE  III 
Fracgonal Crystallization of Ckyrao-Trypsinogen 
Times crystallized 
1 
3 
5 
8 
10 
Optical activity in 
• /10 acetic acid, 25°C. 
D 
mtrogen 
0.480 
0.475 
0.473 
0.480 
0.482 
Specific activity after activation, 18 hrs., 6°C. in pH 8.0 •/50 
phosphate buffer solution -~- 0.0007 rag. crystalline trypsin/ml. 
Hemoglobin  Gelatin viscosity  Casein formol 
mlm-I  ~  IT  TT  1  Gel" V  [T. IT  1Cse' F 
IT. U.]  .tPrr~e~n  L  ....  lmg. protein  --'Jmg. protein 
nitrogen  nitrogen 
0.036 
0.037 
0.037 
0.040 
0.038 
13.5 
15.9 
13.5 
13.9 
0.069 
0.094 
0.073 
0.070 
0.056 
The above outline describes  the  preparation from fresh inactive pancreas. 
The preparations vary somewhat and occasionally the first crystals retain a brown 
coloring  matter.  This coloring  matter may be removed by the addition of 2 
volumes of saturated ammonium sulfate to the acid solution of the crystals.  An 
amorphous precipitate is formed which' carries down with it the coloring matter 
and which may be removed by filtration.  Most of the enzyme may be recovered 
from the precipitate by washing  the precipitate on the filter paper with N/100 
sulfuric acid. 
The material may be isolated from frozen fresh inactive pancreas although this 
procedure is more troublesome.  The gland must be frozen rapidly and immedi- 
ately after removal.  Ordinary commercial frozen pancreas is active and cannot 
be  used.  Crystals  prepared  from  frozen  paJacreas frequently  contain  small 
amounts of foreign inert protein.  This may be removed as follows: The crystals 
are dissolved in 3 volumes of water and sulfuric acid added, as described for re- 
crystallization, and  the solution neutralized by the addition of an equivalent M.  KUNITZ  AND  JOHN  I-I.  NORTHROP  439 
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amount of sodium hydroxide.  A gelatinous precipitate appears and is filtered off. 
The filtrate is acidified again with a few drops of 5 N sulfuric acid, 1 volume satu- 
rated ammonium sulfate added, and the solution brought to pH 5.0 with sodium 
hydroxide and inoculated. 
The  preparation  is  conveniently  carried  out  with  about  10  fresh 
cattle  pancreas.  About  15  gin.  of  once  crystallized  filter  cake  is 
usually obtained from 10 pancreas. 
The  properties  of the  crystalline  chymo-trypsinogen  are  constant 
through at least ten fractional recrystallizations as shown in Table III. 
The crystals of chymo-trypsinogen are shown in Fig.  1. 
Activation of Chymo-Trypsinogen 
Chymo-trypsinogen after recrystallization has a variable and barely 
measurable  activity  equivalent  to  about  1/10,000  that  of  chymo- 
trypsin.  This  activity  is probably due  to  the  presence  of traces  of 
chymo-trypsin  since  the  relative  activity on  various proteins  agrees 
with that of chymo-trypsin. 
The  chymo-trypsinogen  could not  be  activated by  enterokinase, 
calcium chloride,  pepsin,  inactivated  trypsin,  or  by  chymo-trypsin. 
It  could  be  activated  by all  commercial  trypsin  preparations  tried 
and  also  by all  crude  active  pancreatic  extracts. 
Kinetics of Activation of Chymo-Trypsinogen by Crystalline Trypsin 
Effect of pH.--The effect of the pH of the solution on the rate of the 
activation  of chymo-trypsinogen is  shown in  Fig.  2.  The  curve  re- 
sembles that for the effect of pH on the digestion of casein by trypsin 
and indicates  that  the reaction is related  to the  usual hydrolytic ac- 
tion of trypsin.  However, as will be discussed below, no evidence for 
any  actual  cleavage  of  the  chymo-trypsinogen  molecule  could  be 
found. 
E~ect of the Concentration of Trypsin.--The  activation  follows the 
course of a monomolecu]ar reaction and the rate is proportional to the 
concentration  of trypsin  added.  This  result  is  shown  in  Fig.  3  (cf. 
Table IV) in which the logarithm  of the per cent of chymo-trypsino- 
gen remaining  at any time is plotted against the time.  The resulting 
curves are all  straight lines showing that the reaction is monomolecu- 
lar.  The slopes of the curves are proportional to the concentration of M.  KUN1TZ AND JOHN H.  NORTHROP  441 
trypsin present showing that the rate of reaction is proportional to the 
trypsin concentration. 
Effect of the Chymo-Trypsinogen Concenlration.--The per cent of the 
chymo-trypsinogen  activated at any time is constant and independent 
,ooL 
O 
80 
% 
¢X4 40 
2C 
o,~  I  I  I  I  f  I"o  I 
6  7  8  9  I0  II  12 
pH 
Fio, 2. Effect of pH on rate of activation of chymo-trypsinogen (5°C.)  by 
trypsin compared with the effect of pH on rate of digestion of casein by trypsin (8) 
and the effect of pH on reversible inactivation of trypsin (10). 
Activation mixture--5 ml. chymo-trypsinogen solution in N/400 hydrochloric 
acid (1 rag. protein nltrogen/ml.) plus 1 ml. trypsin solution (0.006 rag. protein 
nitrogen/mL) plus 4 ml. x¢/5 borate phosphate buffer of various pH.  Left at 
5°C.  and activity determlued by hemoglobin at intervals.  Rate of activation 
determined from these results. 
of the concentration of chymo-trypsinogen.  This result is shown in 
Table IV.  The activation of chymo-trypsinogen  by trypsin, therefore, 
is expressed by the equation 
gG 
-  ~  ==  KTG 
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in  which  T  =  concentration of trypsin  and G  --  concentration of 
chymo-trypsinogen, or on integration 
llu Go 
KT=  t  -~, 
KT is  the observed velocity constant (K ~) for any one concentration 
of trypsin.  The value of K  for unit  trypsin concentration may be 
o 
-O  $ 
Ho~rs 
10 
FIo. 3.  Effect of trypsin concentration on rate of activation of chymo-trypsino- 
gen (cf. Table IV). 
calculated and is found to be 670  per hour per mole trypsin/liter or 
360 per hour per mg. trypsin nitrogen/ml. 
In the preceding experiments the activity was determined by the 
rate of digestion of hemoglobin.  The active enzyme clots milk and 
digests sturln so that the rate of activation was followed also by the M.  KUNITZ  AND  JOHIq H.  NORTHROP  443 
rennet action  and  by sturin  digestion.  The per  cent  of activation, 
as determined by these three methods, is the same as shown in Table 
TABLE  IV 
Activation of Chymo-Trypsinogon by Trypsin at 5°C. 
Effect of Concentration of Trypsin 
Chymo-trypsinogen solution:  0.26  rag. protein nitrogen/ml, in 0.075 M phos- 
phate  buffer  pI-I 7.6.  4  mL  chymo-trypsinogen solution  +  1  ml.  crystalline 
trypsin solution in u/400 hydrochloric acid  at  5°C.  1 hal. samples  taken into 
4 ml. K/70 hydrochloric  acid.  Activity determined  by the hemoglobin method. 
(Final activity -  activity at time t) 
Logxo 100  Final activity  plotted  against  time in hours in 
Fig. 3. 
Effect of Concentration of Chymo-Trypsinogen 
Solutions, etc., as above.  0.002  nag. crystalline trypsin/ml, activation mixture. 
Concentration of chymo-trypsinogen, rag. protein 
nltrogen/ml  .....................................  0.42  0.105 
L  fT. TT 1Ren.  Time  ~'Jmg. N 
]~r$. 
0 
0.5 
1.o 
2.0 
7.0 
0 
3.50 
6.20 
7.00 
9.00 
0 
3.46 
5.04 
7.06 
8.60 
TABLE  V 
Rate of Activation of Chymo-Trypsinogen as Measured by Digestion of Hemoglobin, 
Clotting of Milk, or Digestion of S~urin 
1 ml. dialyzed chymo-trypsinogen  solution containing 1.0 rag. protein nitrogen/ 
ml.  +  1 nil. crystalline trypsin solution (0.01 nag. s/ml.  ~  0.0016 IT. U.]  It°)  + 
3 ml. ~¢/10 pH 7.6 phosphate buffer, 25°C.  Sampled at intervals; 1 ml.  +  4 ml. 
u/15 hydrochloric acid.  Activity determined by various methods. 
!  ~__.:,,twc.,,~,.--........__..._.............................~[ 
Hemoglobin method... [ 
! 
Per cent s~  activity by  ~ Clotting of ~.~ ....... [ 
L Sturia ................  I 
15  30 
77  lOO 
84  100 
78  100 
V.  This result indicates that these various substrates are all attacked 
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Change in  Non-Protein Nitrogen during Activation.--There is  a 
slight increase in non-protein nitrogen during activation but the ap- 
pearance of this non-proteln nitrogen does not parallel the increase in 
activity  (Fig.  4).  It  is probable,  therefore,  that  the production of 
these  non-protein  compounds  is  a  secondary  reaction  due  to  the 
gradual autolysis of the chymo-trypsin.  The total amount of non- 
protein nitrogen found amounts to less than 10 per cent of the total 
nitrogen. 
o.oa+ao ~  y  ~- 
8 
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FIG. 4. Increase in non-protein nitrogen during activation of chymo-trypsinogen 
by trypsin.  10 ml. chymo-trypslnogen solution containing 9 mg. protein nitro- 
gen/ml, plus I  ml, M/l  pH 7.6 phosphate buffer plus I  m]. crystalline trypsin 
(0.0035 rag. protein nitrogen) 5°C.  Samples I ml. plus 4 ml. N/40 hydrochloric 
acid.  Analyzed for non-protein nitrogen and hemoglobin activity. 
Spontaneous Activation 
The activation  experiments just described were all  carried  out in 
the presence of trypsin.  There is, however, a  very slow spontaneous 
activation.  Less than  1 per cent of the  chymo-trypsinogen is acti- 
vated in a  month at 5°C.  There is no marked pH optimum but the 
reaction appears to go faster in weakly acid or alkaline solutions.  It 
is probable,  therefore, that it is an independent reaction and is not 
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Isolation and Crystallization  of Chymo-Trypsin 
The  final  method  adopted  for  the  preparation  of  chymo-trypsin 
from chymo-trypsinogen is as follows. 
The  chymo-trypsinogen should be  recrystallized  eight  times.  10 
gm. of  crystalline  chymo-trypsinogen filter  cake  is  suspended in  30 
ml. water and dissolved by the addition of a  few drops of 5 H sulfuric 
acid.  10 ml. M/2 pH  7.6 phosphate buffer is added and a  quantity 
of  molar  sodium  hydroxide  equivalent  to  the  acid  is  also  added. 
About  0.5  rag.  crystalline  trypsin  is  added  and  the  solution left  at 
about 5°C. for 48 hours.  Any active trypsin prepalation  (of equiva- 
lent activity)  may be used instead of the crystalline  trypsin.  After 
48 hours the solution is brought to pH 4.0 by the addition of about 5 
ml. H/1  sulfuric acid,  25  gm. solid ammonium sulfate is added,  and 
the precipitate filtered with suction. 
Crystallization 
The filter cake is dissolved in 0.75 volumes H/100 sulfuric acid and 
filtered if  the  solution is not  clear.  The  clear  filtrate  is inoculated 
and allowed to stand at 20°C. for 24 hours.  About 5 gm. of crystal- 
line filter cake should form. 
Recrystallization 
The crystalline filter cake is dissolved in 1.5 volumes N/100 sulfuric 
acid;  1  volume of  saturated  ammonium sulfate  is  then  added  cau- 
tiously until crystallization  commences.  The solution is allowed  to 
stand  at  room  temperature  and  practically  complete crystallization 
should take  place. 
A  further  crop  of  crystals  may be  obtained  by  precipitating  the 
mother liquors  with  saturated  ammonium sulfate  and  treating  the 
precipitate obtained in this way as described under crystallization. 
The optical  activity  and  specific enzymatic activity of the chymo- 
trypsin remain constant through at least three  fractional crystalliza- 
tions as shown in Table  VI.  The chymo-trypsin crystals are shown 
in Fig. 5. 
Change in Activity with Decrease in Native Protein 
When the chymo-trypsin protein is denatured in M/10 hydrochloric 
acid the decrease in activity is proportional to the decrease in native 446  CHYM0-TRYPSIN  AN'D  CHYMO-TRYPSINOGEN.  I 
FI6.  5.  Chymo-trypsin. 
protein  concentration,  as shown in  Table VII.  The  per cent loss in 
activity under  these conditions is the same when measured either by 
digestion  of hemoglobin  or  by rennet  activity  (Table  VIII).  This 
indicates  that  the hemoglobin digestion and rennet  action  are due to M.  KUN'ITZ AND  JOHN H.  NORTHROP 
TABLE  VI 
Fractional Crystallization of Ckymo-Trypsin 
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No. of times 
crystallized 
Optical activity 
g/lO acetic acid 
25"C. 
D 
["]mg. proteiz 
nitrogen 
0.386 
0.416 
0.380 
Hemoglobin 
!Hb 
[T. U.lmg" pro- 
tein nitrogen 
0.039 
0.037 
0.038 
Specific activity/rag, protein nitrogen 
Gelatin V. 
GeL V.  [T. u.l . 
rein nitrogen 
11.3 
12.0 
10.7 
Casein S. 
T  U 1  Cas" s. 
• --'Jmg. pro- 
teln nitrogen 
0.98 
1.05 
1.01 
Casein F. 
Cas. F. 
IT. U.lmg" pro- 
tein nitrogen 
0.077 
O. 079 
0.073 
TABLE  VII 
Ckanges in Activity and Native Protein of Chymo-Trypsin Solutions in N/IO 
Hydrochloric Acid, 20°C. 
10 ml. chymo-trypsin solution  (0.8  mg. protein nitrogen/ml.)  +  10 ml.  s/5 
hydrochloric acid, 20°C.  2 ml. samples taken and added to 2.0 ml. s/10 sodium 
hydroxide, solution (No. 2).  Activity by hemoglobin method. 
Native protein nitrogen: 2 ml. (No. 2) +  2 ml. 2 M sodium chloride in ,a/200 
hydrochloric acid.  Precipitate  --  denatured protein; falter.  Protein in filtrate 
determined by turbidity method. 
~me at 20°C.,  krs  ................  0  1.3  •  4  7  16 
Hb 
r. U.]ml"  0.015  0.011  0.081  0.0052  0.0016 
~ative protein N/ml., rag.  0.390  0.256  0.172  0.144  0.031 
Hb 
r. U.]mg" protein nitrogen  0.038  0.043  0.047  0.036  0.052 
TABLE  VIII 
Inactivation of Ckyrao-Trypsin Solution in x/IO Hydrochloric Acid 25°C. Measured 
by Hemoglobin Metkod and Rennet Action 
2 hal. chymo-trypsin solution (1 rag. protein nitrogen/ml.)  +  8 ml. ,~/8 hydro- 
chlorie acid, 25°C.  Analyzed for activity by hemoglobin and rennet methods. 
I  I  ! 
Tirae at 25"C., m/s ...................................  1O12O16O  240 
.........  [  [  ] 
.......  (  Hemoglobin ...... [  [100]  I  78  I  55  I  33 
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the same molecule and confirms the results of the activation experi- 
ment described in Table V. 
If the  chymo-trypsin is heated  to  100°C.  in  ~t/400  hydrochloric 
acid it is very rapidly and completely inactivated with the formation 
of denatured protein as shown by the fact that the protein is corn- 
TABLE  IX 
Reversible and Irreversible  Inaai~alion of Chymo-Trypsin at IO0°C. 
10 nil. chymo-trypsin solution (0.33 nag. protein nitrogen/ml.) in ~/400 hydro- 
chloric acid; immersed in boiling water (No. 1). 
Activity and native protein in hot solution: 1 ml. (No. 1)  +  4 ml. hot m/400 hy- 
drochloric acid, 2  ml.  of  this  solution  +  2  nil.  2 m  sodium  chloride  (20°C.) 
filter, activity and protein nitrogen determined on filtrate. 
Activity and native protein after reversal by cooling: 1 ml. (No. 1)  +  4  ml. 
cold ai/400 hydrochloric acid, 10 minutes 20°C.  2 ml.  +  2 ml. 2 ~ sodium chlo- 
ride.  Activity and protein nitrogen determined on filtrate. 
TimeatlOO°C.,mi~  ............................ ~qotheated]  1  [  5  [15  [30 
A~:tivity and native protein in hot solution 
Activity [T. U.lml  .. ..................  0.017  0  0 
Native protein nitrogen/m]., mg  ........ [  0.33  0  0 
Per cent total inactivation  .............  [  0  100  100 
Activity and native protein after reversal by cooling 
IT.  Hb  u.]m].. .......................... 
TT 1  Rennet 
[T. ~.jm].  . ...................... 
Protein nitrogen/m]., rag  ............... 
T  Ill) 
[  • O']mg. protein nitrogen  ............ 
[T. TT I  Rennet 
~'Jmg. protein nitrogeR ............ 
0.017 
1.90 
0.33 
0.052 
5.8 
[ 
0.014  ] 0.0084 
1.7  1.0 
0.28  0.22 
0.05  0.038 
6.1  4.6 
0.0054 
0.54 
0.15 
0.036 
3.6 
pletely precipitated when the hot  solution is poured into an  equal 
volume of 2 ~t sodium chloride, and by the fact that the filtrate from 
the salt precipitate is completely inactive.  However, if the heated 
solution is cooled and allowed to stand at 20°C. the solution recovers 
its original activity and the protein, like unheated chymo-trypsin is 
soluble in 5/1  sodium chloride.  Thus, the denaturation and inacti- M.  KUNITZ  AND  JOHN  H.  NORTHROP  449 
vation of chymo-trypsin by heat is completely reversible as has already 
been shown to be true in the case of trypsin (9).  If the native protein 
is assumed to be merely a carrier for an hypothetical "active group" 
it is necessary to assume that the active group becomes inactive when 
the protein is denatured and then becomes active again when the pro- 
rein reverts to the native condition.  On longer heating this reversibly 
inactivated and denatured form gradually changes to an irreversibly 
inactivated and denatured form which does not become active and 
salt-soluble again on cooling and standing at 20°C.  (Table IX). 
If chymo-trypsin solutions are allowed to stand at pH 9.0 and 37°C. 
there is a  loss  in protein nitrogen paralleled by the loss in activity 
TABLE  X 
Decrease in Protein Nitrogen and Activity in Chymo-Trypsin Solutions pH 9.0, 37°C. 
20 ml. chymo-trypsin  solution (0.48 rag. protein nitrogen/ml.) +  20 ml. ~/10 
borate buffer pH 9.0, activity and protein nitrogen determined. 
I  I  I  ~'ime  st arc., ~,s  ....................................  ,  0  i  1  [  2  19 
t  f  I 
.........................  [,.o  i  i  o. o  [  o. 2 
Proteinnitrogen/ml.,mg ...................  I  0.23  I  0.19  I  0.13  0.050 
[T. U.]mH~ ~roteinnltro--" ................  1o043  I  oo~  I  0o~  I  oo~ 
s-t"  ~  I  I  I  I 
(Table X).  This reaction is probably analogous to the inactivation 
of trypsin in alkali (10) and is due to the formation and subsequent 
hydrolysis of denatured protein. 
The connection between the protein and the activity may also be 
tested by pepsin digestion.  The hydrolysis of the protein by pepsin 
is accompanied by a corresponding decrease in activity (Table XI). 
General Properties of Chymo-Trypsin 
pH of Maximum Stability.--Dilute solutions of the enzyme at 37°C. 
are most stable at pH 3.0-3.5 (Table XII). 
Effezt of pH on tl~ Rate of Digestion by Chymo-Trypsin.--The rote 
of digestion of casein by chymo-trypsin at various pH is shown in Fig. 
6.  The pH activity curve is similar to that of trypsin (8). 
Digestion of Sturin.--Waldschmldt-Leitz  (11) has  found that  the 450  CH~MO-TRYPSIN  AND  CHYMO-TRYPSINOGEN.  I 
digestion of  protamines by pig pancreas, previously considered as a 
property  of  "trypsin-kinase"  is  due  partly  to  a  separate  enzyme, 
"protaminase," which may be separated from the proteolytic enzyme 
by adsorption of the latter on egg albumin.  These experiments were 
repeated with chymo-trypsin but it was not possible to separate the 
TABLE  XI 
Decrease in Activity  and Protein Nitrogen during Digestion of Ckymo-Trypsin  by 
Pepsin pH 2.0, 35°C. 
25 ml. crystalline chymo-trypsin solution in ~t/100  hydrochloric acid (0.1 rag. 
protein nitrogen/ml.)  +  1 ml. crystalline pepsin solution (0.1 rag. protein nitro- 
gen).  Analyzed for protein nitrogen and activity by hemoglobin method. 
Fime at 35°C.,  krs ...........  0  0.5  1.0  2.0 
Hb  T. U.]ml" X  10  4..  4.3  0.89  0.66  0.53 
Protein nitrogen/ml.,  rag..  0.09  0.025  0.015  0.01I 
Hb 
[T. U.]mg" protein nitrogen  0.048  0.036  0.044  0.048 
TABLE  XII 
Inactivation of Chymo-Trypsin at Various pH, 37°C. 
5 ml. chymo-trypsin (0.03 rag. protein nitrogen/ml.)  +  5 ml. buffers +  toluene, 
37°C.  Activity determined by hemoglobin method. 
I  [  f 
Buffer .....  M/5 HCI  5/400 HC1  5/5 acetate  5/5 P04  ~/5 PO4 
Time at  IT.  U.]~  b.  X IO-, 
37°C. 
days 
0  7.1  7.1  7.1  7.1  7.1  7.1 
1  0  7.0  7.1  6.6  5.7  2.7 
5  0  6.0  5.7  5.1  2.5  0 
protaminase  activity  from  the  proteinase  activity by  this  method. 
The per cent activity removed by the egg albumin was the same as 
determined by either casein, hemoglobin, or sturin digestion (Table 
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This result confirms Waldschmidt-Leitz's statement that hydrolysis 
of sturin is caused by the "proteinase" and not by "protaminase" (12).3 
Digestion of Peptides.--The chymo-trypsin has no measurable effect 
upon  the hydrolysis of  any  of  the di-  and  polypeptides  available 
(Table XIV). 
0  Formol titration 
A  Non.prole2nN formation 
I00  -  0  A 
80-- 
20-  0 
I  I  I  I  I 
0~  6  7  8  9  10  I I  12 
pH 
FIo. 6.  Digestion of casein at various pH by chymo-trypsin.  Casein solution: 
5 gm. Hamraarsten's casein plus 95 ml. M/10 phosphate buffer plus 5 ml. various 
concentrations  sodium  hydroxide,  pH  determined  by  hydrogen  electrode. 
Chymo-trypsin solution 0.02 mg. protein nitrogen/.ml.  1 ml. chymo-trypsin plus 
5  ml.  casein,  35°C.  Digestion  determined  by formol titration  or non-protein 
nitrogen. 
Extent of Hydrolysis of Casein by Chymo-Trypsin.--Casein is  hy- 
drolyzed more completely by chymo-trypsin than by crystalline tryp- 
sin (8) but the hydrolysis by the two enzymes occurs at different link- 
a The writers are indebted  to  Professor Waldschmidt-Leitz for calling  their 
attention to this result. 
(I) 
U  60 
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ages.  This is  shown  by the  fact  that  addition  of trypsin  to  casein 
previously  hydrolyzed  with  chymo-trypsin  (Fig.  7),  or  of chymo- 
TABLE  XIII 
Effect of Precipitation with Acetone and Egg Albumin on Digestion of Casein, 
Honoglobin, and Sturin by Ckymo-Trypsin 
Chymo-trypsin solution (0.3 rag. protein nitrogen/ml.) in M/20 pH 5.0 acetate 
buffer. 
Egg  albumin  (Kahlbaum)  various  concentrations in  M/20 pH  5.0  acetate 
buffer. 
1 ml. egg albumin added to 4 ml. chymo-trypsin, 30°C., 1 hour.  3 ml. acetone 
added, centrifuged 10 minutes.  Supernatant in vacuum desiccator 6 hours, then 
at 6°C. 3 days, made up to 8 ml. with M/20 pit 5.0 acetate buffer and activity 
measured on casein, hemoglobin, and sturin. 
Sturin activity determination: 2 ml. enzyme +  10 nil. 2.5 per cent sturin pH 
7.6, 35°C.  2 ml. samples added to excess ~/50 sodium hydroxide.  1 ml. formal 
dehyde and phenolphthalein added and titrated to pH 9.0 with ~s/50 hydrochloric 
acid. 
~oncentration egg albumin,  per cert.. 
Per cent original activ- 
ity remaining in su- 
pematant  as  deter- 
mined by 
0  0.5  1.0  1.5  2.0 
Casein ....  100  84  60  41  30 
Hemoglobin  .....  100  83  58  40  28 
Sturin.  100  64  32 
3.0 
15 
15 
TABLE  XIV 
Hydrolysis Dipeptides and Polypeplides by Chymo-Trypdn 
Dipeptides:  10 ml.  M/25  solution in ~t/10 phosphate buffer +  0.5 ml. chymo- 
trypsin solution (0.25 rag.  protein nitrogen/ml.) pH adjusted to 7.6.  2 ml. 
titrated +  ~/50 sodium hydroxide and formaldehyde. 
Tetrapeptides:  10 ml. ~/100 solution.  Digestion mixture made up as above. 
Polypeptides:  4 The  following---glycyl-/-tryptophane,  glycyl-alanine,  glycyl-l- 
tyrosine, glycyl-glycine,  d-leucyI-glycine,  d-leucyl-glycyl-glycine,  chloracetyl- 
l-tyrosine,  glycyl-aspartic  acid,  chloracetyl-/-leucine,  tri-/-alanyl-balanine, 
tetra dl-alanyl-dl-alanine, and pentaglycyl-glycine.  Increase in formol titra- 
tion for 2 ml. after 3 days at 35°C. was less than 0.15 ml. M/50 sodium hydroxide. 
trypsin to casein previously hydrolyzed with trypsin, causes a marked 
increase in hydrolysis (Fig. 8). 
4 The writers are indebted to  Professor Emil Abderhalden  for most  of the 
polypeptides. lvII.~oNaOH 
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FIo. 7.  Digestion of casein by chymo-trypsin followed by trypsin. 
I 
14 
100 ml. [  5 per cent casein pH 7.5 (M/10 phosphate buffer) 
L 0.08 mg. chymo-trypsin nitrogen/ml.  =  No. 1 
After 2 days 0.08 rag. chymo-trypsin nitrogen/ml, added to 75 ml. No. 1 
(Total  chymo-trypsin concentration  0.16  rag.  nitrogen/ml.)  --No. 2 
After 5 days 0.08 rag. chymo-trypsin nitrogen/ml, added to 25 ml. No. 2 
(Total  chymo-trypsin concentration  0.24  rag.  nitrogen/ml.)  =  No. 3 
After 5 days 0.08 mg. crystalline trypsin nitrogen/ml, added to 25 ml. No. 2 
(Total enzyme concentration 0.16 rag. chymo-trypsin rdtrogen/ml. 
plus 0.08 mg. trypsin nitrogen/ml.)  -- No. 4 
Digestion determined by formol titration. 45~  CHYMO-TRYPSIN  AND CHYMO-TRYPSINOGEN.  I 
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FIG. 8.  Digestion of casein by trypsin followed by chymo-trypsin. 
100 ml.  :  5 per cent casein pH 7.6 (rr/10 phosphate) 
(  0.08 rag. trypsin nitrogen/ml. 
After 2 days 0.08 rag. crystalline trypsin nitrogen/ml, added to 75 ml. 
No. 1 
(Total trypsin concentration 0.16 rag.  nitrogen/ml.) 
After 5 days 0.08 rag. crystalline trypsin nitrogen/ml, added to 25 ml. 
No. 2 
(Total trypsin concentration 0.24 nag. nitrogen/ml.) 
After 5 days 0.08 nag. chymo-trypsin nitrogen/ml, added to 25 ml. No. 2 
(Total enzyme concentration 0.16 rag. trypsin nitrogen/ml, plus 0.08 
rag. chymo-trypsin nitrogen/ml.) 
Digestion determined by formol titration. 
14 
•No.  1 
=  No.  2 
=  No. 3 
ffi No. 4 TABLE  XV 
Summary of the Properties of Chymo-Trypsinogen, Chymo-Trypsin, and 
Crystalline Trypsin 
Crystalline form  ........................ 
Carbon ....... 
Hydrogen ..... 
Elementary analysis  Nitrogen ...... 
Chlorine  ...... 
per cent dry weight  Sulfur  ........ 
Phosphorus... 
Ash .......... 
Amino nitrogen as per  By formol  ...... 
cent total nitrogen  By Van Slyke.. 
Tyrosine  +  tryptophane  equivalent milli- 
equivalents/rag, total nitrogen  ......... 
Optical  activity,  25°C  ................. 
[a]D line, per  mg. nitrogen .............. 
Solubility in distilled water  .............. 
Diffusion coefficient,  f  By nitrogen ....... 
6°C. cm.=/day  [  By hemoglobin  .... 
By rennet ......... 
Molecular volume from diffusion coeffcient, 
cm.*/mole  ............................ 
Molecular  weight from osmotic pressure... 
Hydration,  gin.  water/gm,  protein,  from 
osmotic pressure and diffusion coeffcient.. 
By viscosity  ...................... 
Isoelectric point from cataphoresis of col- 
lodion particles ........................ 
Substrate 
Specific activity IT. U.] I 
per rag. protein nitro- 
gen  [ 
Hemoglobin  ..... 
Casein, sol  ....... 
Casein, F ........ 
Gelatin V  ....... 
Rennet ......... 
Clot blood  ..... 
Sturin F ....... 
pH optimum for digestion casein  ......... 
Total  digestion  casein,  nil.  u/S0  sodium 
hydroxide/5 ml. 5 per cent casein ...... 
Chymo- 
trypsinogen 
Long, square 
prisms 
50.6 
7.0 
15.8 
0.17 
1.9 
0 
0.1 
4~7 
4.75 
Chymo-trypsin 
Rhombo- 
hedrons 
50.0 
7.06 
15.5 
0.16 
1.85 
0 
0.12 
6.0 
6.0 
2.5  X  10  -s  2.7  X  10  -a 
In x/10 acetic acid 
--0.48  --0.40 
Slight  Very soluble 
Trypsin 
Short 
prisms 
50.0 
7.1 
15.0 
2.85 
1.1 
0 
1.0 
9.3 
3  X  10  -s 
pH  4.0  in 
0.25 sat. 
ammonium 
sulfate 
--0.27 
Very soluble 
In ~/2 K2SO,, ~t/10 acetate 
pH 4.0 
0.039 
52,000 
36,000 
(32,000) 
0.7 
0 
5.0 
<  1  X  10  -5 
< 1 X  10-' 
<0.01 
<0.1 
<0.01 
<2.0 
<2  X  10  -4 
0.037 
0.039 
0.037 
52,000 
41,000 
0.5 
0.1 
5.4 
0.04 
1.0 
0.08 
12.0 
8.5 
<2.0 
0.018 
8-9 
17 
In  0.5  sat. 
MgS04 
0.023 
65,000 
36,500 
0.8 
0.6 
7-8 
0.17 
2.4 
0.18 
100 
<0.1 
1500 
0.63 
8-9 
9-11 
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Isoelectric Point.--The  isoelectric point was  determined by measur- 
ing (21)  the rate of migration of collodion  particles immersed in the 
enzyme solutions at various pH.  This method shows  an  isoelectric 
point for chymo-trypsin at pH 5.4 and for chymo-trypsinogen at 5.0. 
Diffusion  Coeficient  (13).~The  diffusion  coefficient  of  chymo- 
trypsin was determined by measuring the rate of diffusion of the pro- 
tein nitrogen and the activity.  Both methods gave a  diffusion coef- 
ficient of 0.037  cm.~/day for chymo-trypsin.  This result shows that 
the active molecule diffuses at the same rate as does the protein and 
furnishes additional evidence for the identity of the two molecules. 
The diffusion coefficient for chymo-trypsinogen was measured by 
the nitrogen only and is 0.039 cm.~/day.  The molecular volume cor- 
responding to this diffusion coefficient is about 52,000  cm.  s on the as- 
sumption that the molecules are spheres. 
The  molecular  weight  of  both  proteins  from  osmotic  pressure 
measurements is about 40,000  so that from these measurements the 
proteins are hydrated to the extent of about ½ gm. of water per gin. 
protein.  Viscosity measurements, however, give much lower hydra- 
tions. 
The general properties of the various preparations are summarized 
in Table XV. 
Metkods 
1.  Amylase Activity (14).--1 ml. 0.5 per cent starch in M/10 phosphate buffer 
pH 6.8 and g/200 sodium chloride  plus 0.2 ml. enzyme solution of various concen- 
trations.  Left at 35.5°C. for 20 minutes and 2 drops of 0.01 N iodine solution 
added.  Dilution of enzyme which gives purple wine color taken as positive foi 
amylase. 
2.  Lipase.--Surface  tension method of Rona and  Michaelis as weU as  the 
modified method of WiUst/itter  and Memmen (15) were  used.  It was found very 
convenient to use the surface tension apparatus of du Notiy instead of a stalag- 
mometer for the measurements  of the rate of change of surface  tension. 
3.  Blood Clotting (16).--3 volumes of cattle blood plus 1 volume 28 per cent 
MgSO4, centrifuged.  3 ml. supematant plasma plus 6 ml.  g/1 sodium chloride 
plus 2 ml. g/200 CaCI~  made up to 30 ml. with water.  2 ml. of dilute plasma plus 
1 ml. of various dilutions of enzyme solution in M/400 hydrochloric acid mixed 
in 50 ml. test tubes.  Left in cold room for 24 hours.  Minimum  concentration 
of enzyme required to dot determined.  [T. U.] ~  = nil. dilute plasma dotted 
by 1 nag. nitrogen in 24 hours, 5°C. 
4.  Proteolytic Activity.--Northrop and Kunitz (17), Anson and Mirsky, hemo- 
globin method (18). M.  KD~NITZ AND  JOHN  H.  NORTHROP  457 
5.  Rennet A ction.--Kunitz (19). 
6.  Protein Nitrogen Precipitation.--1 ml. protein solution plus 1 ml. 5 per cent 
trichloracetic acid, heated for 5 minutes at 75°C. 
(a)  Micro Kjeldahl method for solutions containing 1.0 to 0.3  nag. protein 
nitrogen/ml. 
(b) Photoelectric turbidity method for solutions containing less than 0.3 rag. 
protein nitrogea/ml. 
The precipitate was kept in uniform suspension by rotating the cell during the 
photoelectric turbidity measurement, as suggested by Dr. A. K. Parpart of Prince- 
ton University. 
Most of the measurements reported in this paper were made by Miss 
Margaret R. McDonald. 
S~RY 
A  new  crystalline protein,  chymo-trypsinogen, has  been  isolated 
from acid  extracts of  fresh cattle  pancreas.  This protein is not an 
enzyme but  is  transformed by minute  amounts of  trypsin  into  an 
active proteolytic enzyme called chymo-trypsin.  The chymo-trypsin 
has also been obtained in crystalline form. 
The chymo-trypsinogen cannot be activated by enterokinase, pep- 
sin,  inactive  trypsin,  or  calcium  chloride.  There  is  an  extremely 
slow spontaneous activation upon standing in solution. 
The activation of chymo-trypsinogen by trypsin follows the course 
of a monomolecu]ar reaction the velocity constant of which is propor- 
tional  to  the trypsin concentration and independent of the chymo- 
trypsinogen concentration.  The rate of activation is a  maximum at 
pH 7.0-:8.0.  Activation is accompanied by an increase of six primary 
amino groups per mole but no split products could be found, indicat- 
ing that the activation consists in an intramolecular rearrangement. 
There is a slight change in optical activity but no change in molecular 
weight. 
The physical and chemical properties of both proteins are constant 
through a series of fractional crystallizations. 
The activity of chymo-trypsin decreases in proportion  to  the de- 
struction of the native protein by pepsin digestion or denaturation by 
heat or acid. 
Chymo-trypsin has powerful milk-clotting power but does not clot 
blood plasma and differs qualitatively in this respect from the crystal- 458  CIlY~KO-TRYPSIN AND  ~0-TRYPSINOGEN.  I 
line trypsin previously reported.  It hydrolyzes sturin, casein, gelatin, 
and hemoglobin more slowly than does crystalline trypsin but  the 
hydrolysis of casein is carried much further.  The hydrolysis takes 
place  at  different linkages from  those  attacked  by  trypsin.  The 
optimum pH for the digestion of casein is about 8.0-9.0.  It does not 
hydrolyze any of a series of dipeptides or polypeptides tested. 
Several chemical and physical properties of both proteins have been 
determined. 
REFERENCES 
1.  Ktihne, W., Virchows Arch. path. Anat., 1867, 39, 130. 
2.  Heidenhain, R., Arch. ges. Physiol., 1874, 10, 557. 
3.  Schepowalnikow,  N. P., Yahresber. Fortschr. Tierchem., 1900, 29, 378. 
4.  For review of the literature  on this subject see Loewenthal, E., in Oppen- 
heimer, C., Fermente und ihre Wirkungen, Leipsic,  Thieme,  1926, 9., 916. 
5.  Vernon, H. M., J. Physiol., 1901, 2'7, 269; 1913-14, 4?, 325. 
6. Bayliss, W. M., and Starling,  E. I-I., a  r. Physiol., 1904, 30, 61. 
7.  Vernon, H. M., J. Physiol., 1902, 28, 448. 
8.  Northrop, J. I-I., and Kunitz, M., J. Gen. Physiol., 1932, 16, 267. 
9.  Northrop, J. H., Y. Gen. Physiol., 1932, 16, 323.  Anson, M. L., and Mirsky, 
A. E., J. Gen. Physiol., 1934, 12, 393. 
10. Kunitz, M., and Northrop, J. H., Y. Gen. Physiol., 1934, 17, 591. 
11. Waldschmidt-Leitz, E., Z. physiol. Chem., 1933, 2'22, 148. 
12.  Waldschmidt-Leitz, E., and Kollmann, T., Z. physiol. Chem., 1927, 166, 262Y 
13. Northrop,  J. H., and Anson,  M. L., J. Gen. Physiol.,  1929, 12,  543.  The 
cells were standardized against 0.23 M NaCI at 5°C., using OhSlm's value 
of 0.74 cm.'/day for the diffusion coefficient. 
14.  Willst~tter, R., Waldschmidt-Leitz, E., and Hesse, A. R., Z. physiol. Chem., 
1923, 19.6, 155. 
15. Willst~ttter, R., and Memmen, F., Z. physiol. Chem., 1923, 129, 1. 
16.  Rona,  P.,  Praktikum  der physiologischen  Chemie,  Berlin,  Julius  Springer, 
2nd edition, 1931, pt. 1, 389. 
17.  Northrop, J. H., and Kunitz, M., J. Gen. Physiol., 1932, 16, 313. 
18. Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 1933, 1'/, 151. 
19.  Kunitz, M., J. Gen. Physiol., 1935, 18, 459. 
20.  Waldschmidt-Leitz, E., cf. Rona, P., (16), p. 318. 
21.  Northrop,  ]. H., and Kunitz,  M., Y. Gen. Physiol.,  1925, 7,  729.  The cell 
used is manufactured by A. H. Thomas and Co., Philadelphia.  Loeb, J., 
Proteins and the theory of colloidal behavior, The international  chemical 
series, New York, McGraw-Hiil Book Co., Inc., 2rid revised edition, 1924, 
323. 